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Motivarions for Studying Too

* Only known fermion with a mass at the
natural electroweak scale

- Special role in precision electroweak physics
- Window into the problem of EWSB?

* New physics may appear in production (e.g.

* Can only be studied at Tevatron prior to
LHC.
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Flistory of Too

A Briz

» Observed in 1995 in first ~70 pb-! of Run I data.

» Final Run I top analyses based on ~110 pb-.
- Production cross sections in many channels
- Mass: 174.3 + 5.1 GeV (CDF/D@ combined)
- Event kinematics
- W helicity measurement

— analyses statistics-limited.




Tmorovzmernis for Run IL

Accelerator

» 30-40% increase in top cross section

Detectors

new Si vertex detector, outer tracker, endplug
calorimeter, extended muon coverage
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Fzvatron Pzar Luminosity

Collider Run llA Peak Luminosity
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Procucrion and Dzcay Basics
Pair Production )
85°/o
?)'0'6"0'0'6 Event
topology
°  determined
by the
15% decay

modes of
the W's

b-jet: identify via
secondary vertex
or soft lepton tag

BR( z — wb) = 100%



- Dilepton (ee, py, eu)

- BR=5%
- 2 high-P; leptons + 2 b-jets + missing-E+ Most favorable
- Lepton (e or p) + jets channels for top
- BR = 30% e
- single lepton + 4 jets (2 from b's) + missing-E+
y A“-hadr'onic 0 e-e(1/81)

= BR = 44°/o B mu-mu (1/81)
- six jets, no missing-E+ W tau-tau (U31)

E e -mu (2/81)

M e -tau(2/81)
B mu-tau (2/81)

H e+jets (12/81)

More Challenging B mu-+jets(12/81)
bGCkgPOUHdS, but B tau+jets(12/81)
measurements O jets (36/81)

still possible
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* Basic engineering number, starting point
for all top physics.

* Requires detailed understanding of
backgrounds and selection efficiencies.

+ Test of QCD
NNLO + NNNLL

- Departures from prediction could indicate
nonstandard production mechanisms, i.e.

production through decays of SUSY states.




’ Dilzoton Cross Szotions: DY
Results from first 90 - 110 pb!

- ee channel
- Observe 2 events, bkgd. 0.6 + 0.5

* pu channel
- Observe O events, bkgd. 0.7 + 0.4

- ey channel

o-=87 2 (stat) 7 (syst) = 0.9(lum) pb
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Dilzoton Cross Szotion: COF

Two complementary analyses (126 pb-1)
- Tight: Two good-quality leptons + MET + 2 jets

‘ 0,4 = 7.6 £ 3.4 (stat) + 1.5 (sys) pb ‘
- Loose: Lepton + isolated track + MET + 2 jets

- 5 events b-tagged (one double-'rag) expect 4 top




Jzt Multiolicity in Dilzoton evznrs
Event count per jet bin |
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Dilzoton Yinzmarics

CDF Run Il Preliminary _[ L dt =126 pb" CDF Run I Preliminary
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Lepton P+ softer than
expected. Statistical
fluctuation or a hint of
something new?

Dilzotorn

Vinzmarics, cornrd,

CDF Run Il Preliminary I L dt =126 pb'1
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Lzoton + J2ts Cross Szction: DY

Using Backgrounds from QCD estimated from
topological cuts ~ dataas fen. of MET, Njets.

Backgrounds from W+ jets estimated
using Berends scaling hypothesis,
o(W+n+1 jets)/a(W+n jets) = constant.

After aplanarity, H; , Njet 2 4 cuts:
observe

Using soft

muon b-tag Orthogonal selection to topological analysis.

15 events, bkgd. 3.3 + 1.3.
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zofor + Jzis lnzmafics

DD Run II Pr'ellmmary
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Tag by counting
displaced tracks:
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T Multiolicity in o-taggzd zvznis: COF

CDF Il preliminary
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Tzt Multiplicity (witn oo confrioution)

CDF Il preliminary

|
Background

Background errors
Background + t1
(theory 6.7 pb)
Bkgnd + tt errors
Data (107.9 pb ™)

Number of jets in W+jets

Oniots = 4.5 + 1.4(stat) + 0.8(syst) pb

i’%or ICFP2003
Y
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Et of tagged jets, W+>=3 jet
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Summary of Cross Szcrion Resulis
D@ 90-107 pb'  CDF 108-126 pb™
n
D& Dileprons
- CDF Dileprons
CDF Lepron+Track

D& Lepron+jetsi/topo

D& Lepron+jers/SMT
D& Lepton+jers combined
CDF Lepron+jers/SVX

CDF Lepron+jers/HT

CDF and DO Run Il Preliminary

DE Combined




Cross Szction [s-Dzozndznce

CDF and DY Run II Preliminary

- [ Kidonukis NNLO-NNNLL+ (hep-ph/0303186)

: EH Cacciari et al. (hep-ph/0303085)
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M;,, is a precision electroweak parameter that helps constrain the
mass of the Higgs.
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Too Mass in Run I (CDF)

* Lepton + 4 jets with sec. vertex b-tag
- Many kinematic constraints: 4C fit

- 12 parton/jet matching assignments possible;
pick combination with lowest 2.

- Fit resulting to mass distribution to
background + signal templates.




Pun IC Too Mass: lzoton + 213
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Pun I Too Mass: Dilzoton Cnannzl
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/) 2w Run T Mass Mzasuezment (DY)

+ The template method has some disadvantages:
- One combination chosen for fit
- Single template describes the distribution
- All events treated with equal weight

* New analysis makes better use of available
information




W(y,x) is the probability that a parton

level set of variables y will be measured
d"e is the differential cross section as a set of variables x

} |
P(ia) = [d"o(vict)dg; da COLCALLESS

f(q) is the probability distribution than a parton
will have a momentum q

P()C, C() = CI})ttbar(‘x; Of) + CZ})background (X)

- \




crror Comparanlz To Przyvious Run T
Mzasurzmeznrs Compinzd
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M., = 180.1 + 3.6 (stat) + 4.0 (syst) GeV/c?

Previous D@ result using template method

had stat. uncertainty of 5.6 GeV. New method
is equivalent to



W Flzlicity Mzasurziment

» Top decays before it can hadronize,
because width I = 1.4 GeV > Agep,.

- Decay products preserve information about
the underlying Lagrangian.

- Unique opportunity to study the weak
intferactions of a bare quark, with a mass at
the natural electroweak scale!




W Flzlicity Mezasurzmeznt, conrd.

The angular dependence of the semileptonic decay in the
W rest frame is given by

w(cosg ) =F. %(1 —cosp_ ) +F, %(l —cos’ ¢ )+F, %(l +cosg_ )’
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W Hlzlicity Rezsults

New D@ Run I measurement:

* Natural extention of the ME method
developed for top mass measurement.

» Extend the ME to include generalized
dependence on .

Fo= 0.56 + 0.31 (stat)+0.04 (syst)
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left: ¥ indf = 38.4/40, S.L. = 54.4%

longitudinal: */ndf = 43.5/45, S.L. = 52.5%

right: y%indf = 68.5/51, S.L. = 4.9%

=00 150 200
lepton p; (GeV)

250

60

50

entries/20 GeV

20

10

40[

30+

CDF II |::ir'£|Iimi'nar5,'I

Long+l.h.+bg
Long
Left-handed
Background
e Data 108+126 pb-"

P ralr e BT v

oL

0

0 40 60 80 100 120 140 160 180 20
lepton p, (GeV)




—

J

TzsT Tor new onysics in 71 oroduct
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Model independent search for a narrow resonance X->tt
exclude a narrow, leptophobic X boson with my < 560 GeV/c? (CDF)
and my < 585 GeV/c? (DO0)



Tzvarron Luminosity Projzciions

Integrated Luminosity (fb™)

Design Projection| Base Projection

Accum- Accum-
ulated [P ulated
FYO3 | 0.22 0.30 0.20  0.28
FYO04 | 0.38 0.68 0.31 0.59
FYO05 | 0.67 [.36 0.39  0.98
FYO6 | 0.89  2.24 0.50 [.48
FYO7 | 1.53 3.78 0.63 2.11
FYO8 | 2.37  6.15 .14 3.25
2.42 8.57 .16  4.41

per year




Conclusions and Outlook

* The top quark is back!

* First Run IT measurements of cross section,
mass are available and will improve rapidly.

- Other analyses (W helicity, single top...) are
making excellent progress.

Tevatron.
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Thnz Poacd Anzad

» Search for top - H*

Study of t channels - pure 3¢ generation
decay mode.

Single top production, measure V.,
ttbar resonant production, strong EWSB

to new physics?




Too Mass Uncezetdintizs, lzoton -+ j21s

CDF Run II Preliminary

< .
Dominated by
calorimeter

energy scale in

Jet scale 6.2
FSR 2.2
PDFs 2.0
ISR 1.3

simulation; will

Total systematic

7.1

Improve soon



